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ABSTRACT 

This r e p o r t  p resen t s  t h e  h i s t o r y  and recent progress of  a u n i f i e d  

Emphasis i s  placed on t h e  development o f  a Blue Streak-  
e f f o r t  o f  seve ra l  major European nat ions  t o  undertake t h e  explora t ion  
of  space. 
based carrier v e h i c l e  t h a t  probably w i l l  p l ay  t h e  leading r o l e  i n  t h e  
European space program. It i s  evident  t h a t  t h i s  program is  r a p i d l y  
gather ing momentum and should t h e  t rend continue, w i l l  provide t h e  
world community wi th  many valuable  contr ibutions.  
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SUMMARY 

This r epo r t  p resen ts  t he  h i s t o r y  and recen t  progress of a un i f i ed  
e f f o r t  of s eve ra l  major European na t ions  t o  undertake t h e  explorat ion 
of space. Emphasis i s  pl'aced on t h e  development of a Blue Streak- 
based carrier veh ic l e  t h a t  probably w i l l  p lay t h e  leading r o l e  i n  t he  
European space program. It i s  evident t h a t  t h i s  program i s  r ap id ly  
gather ing momentum and should t h e  t rend  continue, w i l l  provide t h e  
world community with many valuable  contr ibut ions .  

INTRODUCTION 

In  a paper presented a t  t he  European Symposium on Space Technology 
i n  London during June 1961, Member of Parliament David P r i c e  made t h e  
fo  1 lowing s t a t  emen t: 

"A European program of space research would br ing d i r e c t  bene f i t s  

It does not j u s t  
t o  European engineering and thus i t  is important fo r  us t o  recognize 
t h a t  space engineering i s  a new kind of engineering. 
cons i s t  of a hotted-up vers ion of o l d  engineering techniques appl ied t o  
a new pat tern .  

"A few years  ago the  engineering problems of space explorat ion 
were not  c l e a r l y  defined, nor were the  na ture  of ' t h e i r  solut ions .  
a r e s u l t  of recent  work i n  t h e  USA, w e  can now see c l e a r l y  where space 
engineering i s  l i k e l y  t o  lead i n  t h e  e a r l y  future.  The a reas  of advance 
are l i k e l y  t o  be i n  control ,  communication, and power a s  w e l l  as  i n  
s t r u c t u r e s  and i n  mechanical engineering. 

A s  

"I am su re  t h a t  my audience would agree t h a t  space technology is 
a h igh ly  sophis t icated,  new and s t imula t ing  branch of  engineering. 
What i t  can o f f e r  i n  new understanding, new instruments, and new pro- 
cesses can only be dimly seen a t  present. To p red i c t  i t s  impact upon 
t h e  development of engineering s k i l l  and economic well-being i n  our 
compact and complex i n d u s t r i a l  continent,  w e  must r e l y  on h i s t o r i c a l  
p a r a l l e l s  and.our understanding of t he  development of Europe's 
i n d u s t r i a l  s t rength."  \ 
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The above statment is  evidence of one European na t ion ' s  r e a l i z a-  
t i o n  of t h e  importance of keeping up w i t h  t h e  technology of t h e  world 
community. This r e a l i z a t i o n  i s  t h e  primary force  behind t h e  evolut ion 
of t he  European'space program, embryonic though it may be, as i t  exists 
today. 

HISTORY 

I n  September 1960 t h e  Consul ta t ive  Assembly of t h e  Council of 
Europe, represen t ing  t he  parl iaments of  15 European countries,  passed 
a f ive-point  r e so lu t i on  recommending t h a t  t h e  Committee of Min is te rs  
study, as a matter of urgent  policy,  the p o s s i b i l i t i e s  of organizing 
and undertaking a j o i n t  European space program. 

I n  t h e  meantime s c i e n t i s t s  from 10 European count r ies  had been 
meeting f o r  t he  purpose of consider ing t h e  p o s s i b i l i t y  of European 
cooperation i n  space research. Following subsequent meetings i n  London 
and P a r i s ,  an Intergovernmental Conference on Space Research w a s  held  
i n  Geneva where an agreement w a s  s igned t o  set up a Preparatory 
Cornmission f o r  a European Space Research Organization (ESRO). This 
commission is  d i r ec t ed  by S i r  Harrie  Massey, head of t h e  department of 
physics a t  Univers i ty  College, London. * This organization,  expected t o  
s tar t  funct ioning i n  October 1962, w i l l  e s t a b l i s h  a 300-man research 
cen te r  where sa t e l l i t e  ins t rumentat ion w i l l  be manufactured but not  
space carrier vehicles.  

CURRENT PLANS 

Current plans  c a l l  f o r  t h e  development of a carrier veh ic l e  
proposed by t h e  European Sa te l l i t e  Launching Organization (ESLO). It 
would be a 95-foot, three- stage,  s a t e l l i t e  c a r r i e r  veh i c l e  (FIGURE 1) 
based on t h e  Engl ish  Blue S t reak  IRBM, a French second stage,  and a 
yet-to-be-designed t h i r d  stage.'kJC Other p a r t i c i p a t i n g  count r ies  may a c t  
as subcontractors  fo r  t h e  development of some f l i g h t  hardware a s  w e l l  
a s  ground support  equipment. 

THE PROPOSED LAUNCH VEHICLE 

The major i ty  of today 's  satel l i tes  are boosted i n t o  space by 
veh ic l e s  o r i g i n a l l y  conceived and constructed a s  m i l i t a r y  b a l l i s t i c  
missiles. The Blue Streak, which soon w i l l  boost European sa te l l i tes  
i n t o  o rb i t ,  i s  no exception, The o r i g i n a l  requirements e s t ab l i shed  i n  
1955 c a l l e d  f o r  t h e  de l i ve ry  of a thermonuclear warhead t o  a range of 
2500 to  3700 m i l e s .  

*He i s  a l s o  chairman of t h e  B r i t i s h  National Committee f o r  Space 
Research and author of Theory of Atomic Co l l i s i ons  and Negative Ions. 
During World War 11, S i r  Ha r r i rworked  with  E.O. Lawrence on t h e  e l ec t ro-  
magnetic separat ion-  of uranium f o r  t h e  Manhattan Project .  
**On March 29, 1962, B r i t a i n ,  France, West Germany, and I t a l y  signed an 
agreement t o  use the  Blue Streak veh ic l e  f o r  a f i r s t  launch i n  1965. 
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The de Haviland Propel le rs  Company, Ltd. w a s  s e l ec ted  as p r i m e  
con t rac to r ,  and Rol ls  Royce Ltd. w a s  chosen t o  manufacture the  rocket  
engines under a l i cense  agreement with North American Aviation. The 
guidance system w a s  t o  be developed by Sperry Gyroscope. The missle 
t h a t  evolved, the  Blue St reak ,  w a s  b u i l t  according t o  t y p i c a l  monocoque 
techniques and employed an  i ne r t i a l  system fo r  guidance. The proposed 
space carrier veh ic l e ,  however, would have a command guidance t o  reduce 
the  weight a s soc ia t ed  wi th  i n e r t i a l  guidance. Engines and p rope l l an t s  
are s i m i l a r  t o  those used i n  U S ImM's; however, t he  Blue St reak  i s  
equipped with two N U  S3-type engines i n  order  t o  incvease the  range. 

Because of the  quest ionable advantages of expensive m i l i t a r y  
rocket  development, t h e  B r i t i s h  Parliament decided on Apr i l  13, 1960 
t o  cancel the Blue St reak  p r o j e c t  f o r  m i l i t a r y  usage. However, complete 
cance l l a t ion  would have meant wr i t ing  o f f  a $200 m i l l i o n  investment; as 
a r e s u l t ,  t h e  B r i t i s h  Government then surveyed p o s s i b i l i t i e s  of space 
explora t ion  u t i l i z i n g  Blue Streak. The o r i g i n a l  proposal fo r  the- 
second s t age  was f o r  a developed vers ion  of t h e  Black Knight b a l l i s t i c  
research  vehicle.  Several  p o s s i b i l i t i e s  f o r  a t h i r d  stage, both l i q u i d  
and so l id ,  were considered. Two configurat ions based on these  e a r l y  
proposals a r e  shown i n  FIGURE 2. For economic reasons, however, t h e  
B r i t i s h  decided t o  abandon t h e  idea of a domestic c a r r i e r  veh ic l e  
development pro gram. 

Subsequently, t h e  B r i t i s h  and French governments i n v i t e d  West 
Germany, I t a l y ,  Spain, Sweden, Belgium, Nether lands, Switzerland, 
Norway, Denmark, and Aus t r i a  t o  a Conference on a Sa te l l i t e  Carrier 
Rocket a t  Scrasbourg on January 30, 1961, 
revealed and suggest ions w e r e  made r e l a t i n g  to  c o s t  and labor. Following 
is a general  desc r ip t ion  of t h e  proposed vehicle.  

De ta i l s  of t h e  p r o j e c t  were 

THE FIRST STAGE 

Blue St reak  is b a s i c a l l y  a 10-foot diameter cy l inder  with an over- 
a l l  length of over 60 fee t ,  a s  shown i n  FIGURES 3 and 4. The t o t a l  
weight including p rope l l an t  is about 90 tons. Two funct ional ly  inde- 
pendent R o l l s  Royce RZ. 2 rocket  engines (FIGURE 5) combine t o  produce a 
t h r u s t  of 300,000 lb, By gimballing t h e  engines, t h e  veh ic l e  can be 
con t ro l l ed  i n  yaw, p i tch ,  and r o l l .  Each engine u n i t  weighs 1500 l b  
and has i t s  own propel lan t  feed and con t ro l  system and i s  equipped with 
a turbopump t h a t  feeds p rope l l an t s  t o  a regenera t ive ly  cooled t h r u s t  
chamber. The t h r u s t  chamber (FIGURE 6) i s  of tubular-walled construct ion;  
t h e  t o t a l  flow of kerosene t r ave r ses  t h e  chamber wal l s  before enter ing  
t h e  combustion zone. The propel lan t  feed system a t  i g n i t i o n  i s  shown 
schematical ly i n  FIGURE 7. 

Propel lan t  pumps (FIGURE 8) are driven by a tu rb ine  through a 
s i m p l e  spur reduct ion gear; a sepa ra te  gas generator  (FIGURE 9), burning 
a fue l- r i ch  propel lan t  mixture, suppl ies  t h e  turbine. 

d 
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FIGURE 2 .  EARLY PROPOSED SPACE CARRIER VEHICLES BASED ON BLUE STREAK 
FIRST STAGE AND BLACK KNIGHT SECOND STAGE. 
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FIGURE 5.  RZ.2  ENGINE USED WITH BLUE STREAK. (COURTESY ROLLS ROYCE, 
LTD . ) 
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PLATE 

FUEl 

FIGURE: 6 .  CUTAWAY VIEW OF THRUST CHAMBER OF R Z . 2  ENGINE. (COURTESY 
ROLLS ROYCE, LTD . ) 
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Ignition detection wire breaks 

FIGURE 7 .  PROPELLANT FEED SYSTEM OF R Z . 2  ENGINE AT IGNITION. (COURTESY 
ROLLS ROYCE, LTD .) 
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FIGURE 8 .  TURBOPUMP FOR RZ. 2 ENGINE. (COURTSEY ROLLS ROYCE, LTD.) 
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The fue l- r i ch  mixture keeps t h e  temperature of combustion gases a t  an 
accep tab le  l e v e l  of about 65OoC. The mixture (o / f )  r a t i o  used i n  t h e  
gas generator  i s  about 0.35/1 by weight. 

The complete two-engine propulsion system, as shown i n  FIGURE 10, 
i s  designated RZ. 12. 

Using the  Blue S t reak  as t h e  f i r s t  s t a g e  of  a 3- stage veh ic l e  
weighing some 230,000 lb, t h e  veh i c l e  would r ise v e r t i c a l l y  f o r  20 
seconds and climb s t e a d i l y  t o  2000 fee t .  A t  t h i s  point ,  a gradual 
p i t ch ing  over t o  t h e  des i red  t r a j e c t o r y  angle  of about 30 degrees with 
t h e  hor izonta l  would begin. Upon a t t a i n i n g  the  30-degree tilt angle, 
t he  veh i c l e ' s  speed would be 2500 mph a t  a height  of near ly  18 m i l e s .  
Accelerat ion along t h i s  path  would continue u n t i l  burnout, which should 
occur a t  a speed of 8500 mph. The ca lcu la ted  t i m e  from launch t o  f i r s t  
s t a g e  burnout would be about 160 seconds a t  an a l t i t u d e  of 50 m i l e s  and 
a range of 80 m i l e s .  
would take  place. The Blue S t reak  f i r s t  s t age  would then separa te  from 
t h e  second stage and eventual ly  impact on t h e  Ear th  approximately 400 
m i l e s  downrange. 

A t  engine cu tof f ,  i g n i t i o n  of t h e  second s t age  

THE SECOND STAGE 

The French second stage, developed especial ly ,  but using experience 
gained i n  t he  Veronique sounding rocket  program, would increase  t he  
speed from 8500 mph t o  14,500 mph. 
250 m i l e s  downrange a t  an a l t i t u d e  of 105 m i l e s .  Here, t h i r d  s tage  
i g n i t i o n  would occur and t h e  second s t age  would f a l l  t o  Earth, impacting 
approximately 3000 m i l e s  from the  launch point. 

This speed would be reached some 

THE THIRD STAGE 

The t h i r d  stage,  while not  y e t  designed, may burn e i t h e r  conven- 
t i o n a l  chemical p rope l lan ts  o r  high energy propel lants .  There is  a l so  
a p o s s i b i l i t y  t h a t  i t  w i l l  have a r e s t a r t  capabi l i ty .  
have a t h r u s t  dura t ion  up to  10 minutes and a sea l e v e l  t h r u s t  between 
1000 and 5000 lb. 
would i g n i t e  and boost- t h e  v e l o c i t y  t o  17,000 o r  24,000 mph, depending 
on the  mission. 
by West Germany with t h e  a s s i s t ance  and p a r t i c i p a t i o n  of severa l  o the r  
European countries.  

It could a l s o  

A t  burnout of t h e  second stage,  t h e  t h i r d  s t age  

The s t age  w i l l  probably be designed and manufactured 

VEHICLE DATA 

Data on t h e  proposed space carrier v e h i c l e  are l i s t e d  i n  Table I. 
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Tubular wall thrust chamber 
Equipment fairing 
Engine oil tank 
Liquid nitrogen bottle 
Pitch control ram 
Yaw control ram 
Igniter fuel valve 
Main fuel valve 
Main lox valve 

IO  Propellant flexible 
II Gimbal mounting 

12 
I3 
14 
15 
16 
17 
18 
19 

Main motor beam 
Pump mounting 
Thrust bracket 
Lox inlet t o  pumps 
Lox pump 
Reference pressure loader 
Fuel inlet t o  pumps 
Turbopump vee frame 

20 Attachment t o  tank bay 
21 Fuel tank valve 

U 
22 
23 
24 
25 
16 
27 
28 
29 

Pneumatic manifold 
Engine relay boxes 
Launcher bracket 
Main fuel probe 
Gas generator 
Lox regulator 
Instrumentation box 
Heat exchanger (nitrogen) 

FIGURE 10. RZ. 12 PROPULSION SYSTEM FOR PROPOSED EUROPEAN SPACE CARRIER 
VEHICLE. (COURTESY ROLLS ROYCE, LTD.) 

30 Heat exchanger (gox). 
31 Turbine exhaust 
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TABLE I. PROPOSED EUROPEAN SPACE CARRIER VEHICLE 

Complete 3-Stage Vehicle: 
Overall Length, f t  
To ta l  L i f t- o f f  Weight, l b  

F i r s t  Stage: (Blue Streak)  
D imens ions  

Length, ove ra l l ,  f t  
Length (tank bay), f t  
Tank, diameter, in. 
Propulsion Bay, diameter, in. 

Weights 
Stage, loaded, l b  
Propel lants ,  l b  
Burnt, l b  

Propulsion 
Thrust (2  engines, uprated, sea level), l b  
Burning t i m e ,  sec 
Fuel 
Oxidizer 
Mixture r a t i o ,  ox id i ze r / fue l  
ISP,  s ec 
Expansion r a t i o  
Chamber pressure,  p s i  

99.5 
230,769 

61. 5 
46 

1 20 
108 

207,597 
193,892 

13,687 

300,000 
160 

Kerosene 
Liquid Oxygen 

2. 2511 
245- 289 

8: 1 
544 

Engine Gimballing: l i m i t s  of thrust-chamber movement, anywhere 
wi th in  pyramid of 14 deg included angle; maximum programmed 
turnover rate, 0.7 deglsec; hydraul ic  system pressure,  3500 psi .  

Liquid Oxygen System tank capacity,  2000 f t  3 usable  (12,000 
imp g a l  o r  60.8 long tons); tank pressur iza t ion ,  5 p s i  empty, 
26 p s i  f u l l ;  p r e s su r i za t ion  by oxygen gas from B hea t  exchanger. 

3 
Kerosene System: tank capacity,  1250 f t  usable  (7700 imp g a l  
o r  26.3 long tons); tank pressur iza t ion ,  2.5 p s i  empty, 11.75 
p s i  f u l l ;  p r e s su r i za t ion  by n i t rogen  from hea t  exchanger A. 

Gas Generator: working-fluid mixture s t rength,  o x i d i z e r l f u e l  
0.3511; mass-flow rate, 2.6 l b l s e c  lox and 7.4 l b / sec  kerosene; 
de l ivery  temperature t o  turbine,  65OoC, 425 psi. 

Turbopump: tu rb ine  speed, a t  present  engine ra t ing ,  29,300 
rpm; output, 2470 t o  2500 s h a f t  hp; gearbox reduct ion r a t i o ,  
4.88: 1; pump s h a f t  speed, 5987 rpm a t  present  engine ra t ing ;  
lox impel ler  diameter, 11 in; lox-pump de l ivery ,  385 lb / sec  a t  
787 psi;  kerosene impel ler  diameter, 12.75 i n .  ; kerosene-pump 
delivery,  178 lb / sec  a t  753 psi. 
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TABLE I. PROPOSED EUROPEAN SPACE CARRIER VEHICLE (Cont Id) 

Anci l l a ry  Systems: l i q u i d  n i t rogen  sphere, 145 l b  capacity; 
l i q u i d  n i t rogen  pressure  t o  hea t  exchanger, 120 psi;  gaseous 
n i t rogen  spheres, each 1037 in.3 charge pressure,  3000 psi ;  
minimum working pressure,  1000 psi;  lox pres su r i za t i on  c i r c u i t  
bleeds lox a t  about 700  p s i  a t  2.5 l b / s ec  and de l ive r s  gas a t  
18OoC a t  60-70 psi ;  lube-oil ,  20 ga l  de l ivered  a t  750 p s i  a t  
6 gal/min t o t a l .  

Second Stage: (French design i n  process; a l l  f i gu re s  estimated) 

Dimensions 
Length, overa l l ,  f t  
Diameter, in. 

Weight s 
Stage, loaded, l b  
Propel lants ,  l b  
Burnt, l b  

Propulsion 
Thrust  (vacuum), l b  
Burning t i m e ,  sec 
Fuel 
I s ec 

SP, 

Third Stage: (not y e t  designed; a l l  f i gu re s  estimated) 

Dimens ions 
Length, f t  
Diameter, in. 

Weights 
Stage, loaded ( including 200- l b  payload) , l b  
Prope l lan ts  ( lb)  
Burnt ( lb)  

Propulsion 
Thrust, l b  

22 
7 2  

18,150 
15,43 2 

27 18 

68,000 
61  

N204  
260 

20 
54 

5040 
4300 

700 

1000- 5000 



17 

PAYLOADS AND MISSIONS 

Assuming t h a t  no l i q u i d  hydrogen-liquid oxygen upper s t ages  are 
used, t h e  proposed c a r r i e r  v e h i c l e  would have t h e  c a p a b i l i t y  of  p lac ing 
2000 l b  i n t o  a 300-nautical-mile o r b i t ,  500 l b  i n t o  a 500-mile c i r c u l a r  
o r b i t ,  o r  900 Tb i n t o  an o r b i t  with a per igee  of  300 m i l e s  and an apegee 
of  7000 m i l e s .  
e l l i p t i c a l  o r b i t  with a 300-mile per igee  and a 100,000-mile apogee. 
Such a f l e x i b i l i t y  i n  payloads and o r b i t a l  a l t i t u d e s  lends i t s e l f  w e l l  
t o  t h e  v a r i e t y  of  satel l i tes  planned by t h e  ESRO. 
astronomical, meteorological,  geophysical, and o t h e r  s c i e n t i f i c  
satell i tes,  i n  1966 as w e l l  a s  an a c t i v e  communications sa te l l i t e  (such 
as shown i n  FIGURE ll), probably not  i n  a 24-hour o rb i t .  

Also, a 300-lb payload could be placed i n t o  a h ighly  

These inc lude  

The i n i t i a l  phase of launches would conclude with automatic 
observator ies  i n  lunar o r b i t s  i n  the la te  1960's. The ESRO a t  present  
does not  intend t o  put  a man i n t o  space, and appears t o  be planning t o  
complement t h e  s c i e n t i f i c  s a t e l l i t e  work of  t h e  US and USSR r a t h e r  than 
compete with it. For t h i s  reason no plans are cur ren t ly  being made f o r  
landing payloads on t h e  Moon. The f i r s t  launches by ESRO planned fo r  
1963, w i l l  be a series of  10 sounding rockets  from t h e  Kiurna Rocket 
Range now being b u i l t  i n  Sweden. This schedule w i l l  be expanded t o  65 
launchings a year as t h e  program progresses. 

TESTING AND RELIABILITY 

The f i r s t  test  f i r i n g  of  an RZ.2 engine took place  i n  March 1959, 
and t h e  RZ.12 combination w a s  f i r s t  t e s t  f i r e d  a t  Spadeadam Rocket 
Propulsion Establishment i n  March 1960, as shown i n  FIGURE 12. A 
summary of tes t  experience both on t h e  RZ.2 and the  RZ.12  i s  given i n  
Table 11. The f a i l u r e  t o  start o r  reach scheduled dura t ion  may a t  f i r s t  
appear high f o r  t h e  RZ. 2, but  many of t h e  f a i l u r e s  w e r e  caused by m a l -  
funct ions  i n  t h e  complex test f a c i l i t y  r a t h e r  than i n  t h e  engine under 
test. Running r e l i a b i l i t y  f o r  t h e  RZ.2 is  c u r r e n t l y  96 percent,  and 
s tar t  r e l i a b i l i t y  is 92 percent. This g ives  an o v e r a l l  r e l i a b i l i t y  of  
88.4 percent. 
95 percent  i n  start ,  and 95 percent  overa l l ,  it must be kept  i n  mind 
t h a t  a r e l a t i v e l y  s m a l l  number have been tes ted .  

While t h e  RZ. 12 has a 100 percent  r e l i a b i l i t y  i n  running, 

Component t e s t i n g  a l s o  p a r a l l e l e d  development of t h e  RZ.2 engine. 
By June 1961 some 530 tests  t o t a l l i n g  35,000 seconds were logged by t h e  
turbopump. The gas generator  had logged 83,000 seconds i n  1600 tests. 
Component t e s t i n g  i s  usua l ly  c a r r i e d  out  a t  t h e  manufacturer 's test  
f a c i l i t i e s ,  while s t a t i c  f i r i n g s  of  t h e  v e h i c l e  take  p lace  a t  Spadeadam 
Rocket Propulsion Establishment near  Carlisle (FIGURE 13). 

Tes t ing  t o  d a t e  has  experienced a few problems and fa i lu res .  I n  
one test, d i f f u s e r  vane f r e t t i n g  caused an explosion i n  a l i q u i d  oxygen 
pump, but  redesign el iminated t h e  problem. I n  another tes t  a bad weld 
i n  one engine caused a slow s tar t  and r e s u l t e d  i n  t h e  t h r u s t  chamber's 
being blown off .  
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TABLE 11. TOTAL TEST EXPERIENCE THROUGH MAY 1961 

T e s t s  of  scheduled durat ion 

Successful  s t a r t s  ( a t  l e a s t  0.5 sec  mainstage) 

S t a r t i n g  at tempts 

Runs of 150 s ec  o r  g r ea t e r  

Tota l  duration, sec  

RZ. 2 

317 

3 65 

474 

8 

7733 

RZ. 1 2  

48 

51 

55 

8 

2532 
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FIGURE 13. STATIC TEST STAND FOR BLUE STREAK AT SPADEADAM ROCKET 
ESTABLISHMENT. (COURTESY SPADEADAM ROCKET ESTABLISHMENT) 
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I n  general, it has been found t h a t  techniques i n  t h r u s t  chamber and 
i n j e c t o r  p l a t e  manufacturing are c r i t i c a l .  A l l  i n  a l l ,  f l i g h t  engines 
are now being del ivered  t h a t  perform t o  wi th in  1.5 percent  of  s p e c i f i -  
ca t ion  thrus t .  

Second s t a g e  component t e s t i n g  and engine s t a t i c  f i r i n g  w i l l  be 
done a t  t h e  Laboratoire de Recherches Ba l i s t iques  e t  Agrodynamiques, 
a t  Vernon, near  Pa r i s .  The Establissement Agronautique a t  Toulouse i s  
equipped f o r  s t r u c t u r a l  t e s t ing ,  while  f a c i l i t i e s  a t  Cannes are ava i l-  
a b l e  f o r  environmental t e s t ing .  F l i g h t  t e s t i n g  of  t h e  s t a g e  w i l l  
undoubtedly be made a t  t h e  French rocket  range a t  Colomb-Bgchar i n  
North Africa. 

LAUNCHING SITES 

Since the Blue Streak-based veh ic le  i s  t o  be used f o r  ESRO launches 
they w i l l ,  i n  a l l  p robab i l i ty ,  be made from the Woomera Rocket Range i n  
Aus t ra l i a  beginning wi th  t e s t  f i r i n g s  i n  1965. 
launching pad i s  a v a i l a b l e  a t  Lake Hart, South Aus t ra l i a .  
novel f e a t u r e  i n  t h a t  no flame d e f l e c t o r  i s  necessary s ince  the  launcher 
i s  s i t u a t e d  over the s i d e  of a sheer c l i f f .  

A s p e c i a l  Blue St reak 
It has  a 

The launcher i s  mounted on a system of bogies t h a t  r i d e  on a c i r -  
cu la r  track; thus it can be o r i e n t e d  t o  any f i r i n g  angle. Once t h e  
proper f i r i n g  angle is  es tabl ished,  t h e  bogies are r e t r a c t e d  and t h e  
launcher i s  clamped t o  t h e  track.  

Other f a c i l i t i e s  a t  t h e  launch s i t e  inc lude  o p t i c a l  and radar  
tracking, range s a f e t y  instrumentation, and communications equipment as 
w e l l  a s  t h e  usua l  ground support  equipment and btockhouse. 

A t y p i c a l  t r a j e c t o r y  of  a launch from t h i s  p o s i t i o n  is  shown i n  
FIGURE 14. 

The French rocket  range a t  Colomb-Bgchar would probably be a more 
d e s i r a b l e  launching f a c i l i t y  s i n c e  it i s  c l o s e r  t o  t h e  Equator. 
t h e  cost,  a prime f a c t o r  i n  t h e  whole European space program, of  
i n s t a l l i n g  Blue St reak ground support equipment and launch f a c i l i t i e s  
probably ru lescou t  the  French s i t e ,  e s p e c i a l l y  s ince  Woomera i s  a l ready  
equipped f o r  Blue St reak launchings. 

But 

FUTURE POSSIBILITIES 

A s  I,. R. Shepherd, p a s t  p res iden t  of t h e  B r i t i s h  In te rp lane ta ry  
Socie ty  observes, it is perhaps an advantage, from t h e  standpoint  of 
world progress t h a t  o t h e r  European nat ions,  individually,  are incapable 0 f 
competing with t h e  US and Russia i n  t h e  space race. 
s i t u a t i o n  i s  c rea ted  i n  which i f  o the r  peoples wish t o  p a r t i c i p a t e  i n  
t h e  g rea t  adventure of t h e  explora t ion  of  o u t e r  space, they must l ay  
a s i d e  pure ly  n a t i o n a l  ambitions and j o i n  i n  an e n t e r p r i s e  i n  which t h e  
s c i e n t i f i c ,  technological ,  and commercial rewards are f u l l y  shared. 

A s  a r e s u l t ,  a 
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Recent establishment of a National Center fo r  Space Research (CNES) 
i n  France and an I r i s t i t u t e  of Space Research i n  West Germany i s  i nd i ca t i ve  
of the  increased i n t e r e s t  upon the  p a r t  of these  individual  nations. 
France alone may budget a s  much a s  $120 mi l l i on  during each of t h e  next 
f i v e  years  i n  which she i s  an a c t i v e  pa r t i c i pan t  i n  t h e  European Space 
Program. I n  addit ion,  t h e  1962 budget of t he  German Federal  Government 
includes about $15,000,000 f o r  space research, an a rea  now the  responsi-  
b i l i t y  of t he  Federal  Minis t ry  of Atomic Energy. The European Launcher 
Development Organization i s  expecting t o  receive  $7,500,000 and the  
European Research Organization $2,500,000. 
may be given t o  t he  Socie ty  f o r  Space Research (Gesel lschaf t  f u r  
We 1 t r aum f o r  s chung) . 

The remaining $5,000,000 

Assuming cooperation among a l l  members of t he  ESRO, a 10-year 
space program running t o  some $140,000,000 a year could be supported. 
Such a proposal was made in  June 1961 by t h e  B r i t i s h  In te rp lane ta ry  
Society. I n  looking toward t h e  next decade i n  space, L.R. Shepherd 
suggested, while making t he  proposal  t o  t he  European Symposium on Space 
Technology i n  London, t h a t  t h e  ESRO could economize by i nves t i ga t i ng  
t h e  use of high-energy upper s tages ,  recoverable f i r s t  s tages,  and t he  
use  of  s o l i d  p rope l lan t  f i r s t  s tages.  

Spec i f i ca l ly ,  t he  B r i t i s h  In t e rp l ane t a ry  Society proposed t he  
following schedule between 1961 and 1971. 

A. VEHICLES 

Phase 1 booster  based on Blue Streak. 

Phase 1 A  veh i c l e  with Blue Streak booster and higher energy 
upper stages. 

Phase 2 launch veh i c l e  with poss ib le  clustered-design f i r s t  
s t age  producing 1,000,000 I b  of t h r u s t  (payload capabi l i ty :  
i n  low Ear th  o r b i t ) .  

20,000 l b  

Program of development of a series of interchangeable upper 
s tages  concurrent with t he  development of t h e  l a rge  boost vehicles.  

B. PAYLOADS 

S c i e n t i f i c  s a t e l l i t e s  u t i l i z i n g  Phase 1 and Phase 1A vehicles.  

Soft- landing lunar payload with Phase 1A vehicle. 

Close o r b i t  and 24-hour o r b i t a l  communications satelli.tes with 
Phase 1 and Phase I A  vehicles.  

Manned capsule f o r  subo rb i t a l  f l i g h t  using Phase 1 vehicle. 
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C. RESEARCH AND DEVELOPMENT 

Long term research,  e s p e c i a l l y  i n  propulsion, t h a t  could form 
the  b a s i s  f o r  a second 10-year program. 

CONCLUSIONS 

It i s  evident  t h a t  most of t h e  f r e e  nat ions  of Europe are more 
i n t e r e s t e d  i n  an a c t i v e  space program i n  which they can p a r t i c i p a t e  
more f u l l y  than they are i n  t h e  l imi ted  i n t e r n a t i o n a l  space programs -of 
t h e  US. 
on a space c a r r i e r  v e h i c l e  derived from t h e  Blue Streak, 

They appear w i l l i n g  t o  fund a modest program based i n i t i a l l y  

I n i t i a l  space a c t i v i t i e s  w i l l  probably c o n s i s t  of s c i e n t i f i c  
payloads o r b i t i n g  Ear th  and gather ing physica l  da ta  similar t o  t h a t  of  
t h e  Explorers,  Discoverers,  and Sputniks. Since t h e  venture  w i l l  be a 
cooperat ive one, t h e  da ta  w i l l  probably be widely d i s t r i b u t e d  and 
shared with non-European nations. 
a c t i v e  communications satel l i te .  

I n t e r e s t  a l s o  seems s t rong  i n  an 
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